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Specifications: 
Name of Invention: Semiconductor Device 

Scope of. Patent Application: A semiconductor device that 
i s :charac ter i zed by ^consis^ting of a ^ 1^^ semi:conductor chip,^ 
formed : on one main surface pf one...s,emi conduct or base, to , , ., . 
make a; circuit' 'with,, a first funct:ion,. and' a.' 2'''^ semiconduc- 
tor chip formed on: a; main surf ace. of 'another semiconductor 
base to make a circuit with a 2""^ function; arid these two 
are :.connected via the, terminals of ' their respective main 
surfaces so that the main surface faces each other, with 
the peripheral terminal (s) of the 1^^ semiconductor chip 
connected to an outside lead. 
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2. The semiconductor device described in Item 1 of Scope of 
Patent Application, in which the circuit in the first semi- 
conductor chip is fabricated through a different process 
from the circuit in the second semiconductor chip. 

3. The semiconductor device described in either Item 1 or 
Item 2 of Scope of Patent Application, in which are formed 
in the 1^*" semiconductor chip a semiconductor integrated 
circuit that includes a bipolar element and in the 2^ 
semiconductor chip a semiconductor integrated circuit that 
includes an MPS element. - 

Detailed Explanation of Invention 

This invention concerns a semiconductor device consisting 
of one composite circuit made up of several semiconductor 
chips having differing functions. 

When a linear circuit consisting, for instance, of a 
bipolar element or a circuit for high voltage and circuit 
for low voltage or for memory consisting of an MOS element 
coexist on one semiconductor base, the total fabricating 
processes increase because of the common processes for the 
respective circuits and the differing processes for assem- 
bling them. Particularly when, heat treatment processes are ■■ 
numerous, there are many problems, such as that one cannot 
get satisfactory properties, reliability declines and there 
are limitations on circuit and layout design. Also, when 
changing some circuits for other uses, an entire semicon- 
ductor circuit device must even be rebuilt. 

This invention resolves the above-noted problems. Its' aim 
is . to provide a, semiconductor ^,device' -.making one composite 
circuit of multiple" circuits. '- ' 

Below I will describe in . detail , the substance of this, 
invention with application examples. In Figure 1 is shown 
one. format of the. „ semiconductor device; before assembly. In, 
the figure, i is' semiconciuctor chip' A, 2 is semiconductor 
■chip B, which is:; flatter ' and, smaller in dimension, than chip', 
A. On semiconductor ■ chip- A' s main surface (upper surface 
in the figure) are made .a semiconductor integrated circuit, 
a bipolar element that creates.,, for instance a linear cir-, 
cuit and terminals (bonding pads) 3 and 4. On semiconductor 
chip B's main, surface (the under surface in the figure) are 
formed a semiconductor integrated circuit having another 
function, an MOS element making up, for instance, a dynamic 



memory circuit and its wiring and terminal (bonding pad) 5. 
As shown in the figure, semiconductor chip B has its main 
surface facing the main surface of semiconductor chip A 
and, as shown, these are connected by solder 6 between 
connecting pads 3 and 5 . 

Semiconductor chip A is dimensionally larger than semicon- 
ductor chip B and has bonding wire 7 from its peripheral 
pad 4 as an electrical lead to outside lead 8. 
Semiconductor chips A and B can exchange electrical signals 
through facing connecting pads 3 and 5 and can be made to 
operate a composite circuit consisting of chips' A and B by 
electrical inputs from external lead 8. Semiconductor 
chips A and B may be sealed, for example, by resin seal 9, 
or-as shown in Figure 5-may be sealed into ceramic package 
10. 

Figures 3 (a) -(d) show one example of the . fabricating 
processes for this invention: 

(a) On semiconductor base (wafer) 11 prepared for chip A 
is formed bipolar element 14 by making epitaxial 
layer 13 and imbedded layer 12 by ordinary . bipolar 
processes and then effecting base, and emitter dis- 
persion, etc. On the other hand, on semiconductor 
base (wafer) 15 prepared for chip B is formed MOS 
element 17 by well-dispersion through an ordinary ' 
CMOS process, source and drain dispersion, forming 
an insulating gate, etc. 

(b) After forming the surface electrode ( s ) , interlayer 
separator film, upper wiring, protective insulating 
film and terminals 3, 4 and 5, cutting is done to - 
complete chips A and B... ^ ^ ■ 

(c) ■ After chip A is ' pellet-bonded on nob [? "Text unclear- 

translator] 18, chip B is installed facing it; and 
chips A and B are connected electrically and mech- 
anically through terminals 3 and 5. 

(d) Wire bonding of chip A' s peripheral, ^terminal . (pad) 4 
and lead S'are done by wire 7, Then resin molding^ 
is .done to complete .seal 9 as shown: in /Figure; 2.. • 

Figure 4 shows in cross section the main parts of the 
completed semiconductor device.. In lower., chip A, , 11. is a 
silicon, semiconductor substrate and 12 is an imbedded 
layer. An element region-e.g., a. bipolar transistor-is 
formed consisting of linear ICs, etc., in an isolated 
-semiconductor layer. 20 is 1^^-layer aluminum wiring, 21 is 



aluminiim wiring, 22 is an SiOj film, 23 is 
inter layer polyimide (or PSG) resin film and 24 is a 
surface-protector film. On upper chip B, 15 is a silicon 
semiconductor substrate, 16 is an element region made up of 
a dynamic MOSRAM on the substrate surface ( down- facing) in 
a well, for instance making up a MOSFET. 2 5 is 1^^-layer 
wiring, 27 is 2^^-layer wiring, 28 is interlayer insulating 
film and 29 is a surface-protecting film. 6 is solder 
connecting chip A and chip B terminals 3 and 5. 

Figure 5 is the semiconductor device from this invention 
and is an example of a composite circuiD made up ot cnips A 
and B assembled in a ceramic package. In this figure, 10 
is the package itself, 30 is an outside lead, 31 is a glass 
seal, 32 a ceramic ring, 33 a metallized layer and 34 is a 
cover of metal or ceramic. 

The above application example gives the following effects 
with this described invention: 

(1) Since circuits with differing power consumption and 
differing functions can be fabricated by quite 
separate processes, one can select optimal chip 
materials and can— without going through unneeded 
processes— form elements (circuits) in each chip with 
superior reliability in their traits. 

(2) Since the bonding pads (pins) for the IC's external 
lead are separately connected between chips A and B, 
there are no limitations for circuit design and 
layout design. Also, one can form just the needed 
number of pads for joining chips A and B without 
regard to the number of one IC's pins. 

(3) By making up the customary single IC with a dual 
upper and. lower structure, the degree of integration 
per single IC is much improved for the surface used. 

(4) Particularly when forming a dynamic MOSRAM on chip 
B, one can prevent errors due to a rays radiated 
from the ceramic package. I.e., the surface facing 
chip B's surf ace has on it . a polyimide resin which, 
will scarcely emit a rays onto chip A; and chip. B's 
main surf ace ' is constructed apart from the ceramic ' 
package that will easily emit a rays so that it does 
not readily get a rays from the package. 

This invention is not limited to the afore-noted applica- 
tion examples. 



For instance, in chip A one can use an isoplanar structure 
using a selectively oxidized layer. 

As another application case, one can form an ultra-speed 
prescalar circuit in chip B and form a CMOSIC (controller) 
of ultra-low power consumption in Chip A. 

This invention can be applied in all cases of assembling, 
within a single IC structure, circuits that are difficult 
to make up on the same substrate. 

simple Explanation ot Figures [ 

Figure 1 is an oblique diagram of when the semiconductor 
device from this invention is assembled. 

Figure 2 is a plane diagram showing the basic structure of 
the semiconductor device from this invention. 
Figures 3(a)"'(d) are partial cross-sectional diagrams 
showing an example of the fabricating processes of the 
semiconductor device from this invention. 

Figure 4 is a cross-sectional diagram of the main parts of 
the same when completed. 

Figure 5 is a cross-sectional diagram showing another case 
of the semiconductor device from this invention. 

2 Semiconductor chip B 
6 ... Solder 
8 ... External lead 
10... Ceramic package 



1 ... Semiconductor chip A 

3^-5 ... Terminals (bonding pads) 

7 ... Bonding wire 

9 ... Resin seal 
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